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The objective of this study was to evaluate the freshness of spiny lobster (Panulirus argus) stored on ice
up to 18 days. Changes during storage were observed with sensory evaluation (Quality Index Method e
QIM), pH, total volatile basic nitrogen (TVB-N), trimethylamine nitrogen (TMA-N), and microbiological
analyses (total mesophilic and psychrotrophic count). The maximum shelf life of spiny lobster stored in
ﬂake ice at 1 ± 0.2 C was determined with loss of freshness (sensorial, physico-chemical and micro-
biological evaluations). High correlation R2 ¼ 0.922 between Quality Index (QI) and storage time at 1 C
was veriﬁed. QI ranged from zero (maximum freshness) to 15 (total loss of freshness) and reached the
acceptable limit for consumption (QI ¼ 9.54), which corresponds to a period of 10 days. The microbio-
logical results showed an increase of psychrotrophic count along the storage time. TVB-N ranged from
5.23 to 20.31 mg 100 g1, TMA-N from 1.07 to 5.72 mg 1001 and pH from 6.91 to 7.19 in the ﬁrst and
18th day of storage, respectively. It is suggested that spiny lobster has to be fresh and acceptable for
consumption by cooling up to 10 days.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Spiny lobster (Panulirus argus, Latreille 1804) is one of the most
valuable ﬁshery resources in Brazil and the most important crus-
tacean species for Brazilian exports (12% of the total catch e 6866
tons), but its market value may differ depending on the sensorial
and physico-chemical quality. It is noticed that lobsters exports, in
terms of value, increased 63.5% while the quantity exported
increased near to 20.5% related to 2009, which shows the strong
rise in the price of this crustacean (Brazil, 2012, p. 128). Lobsters
captured in Brazil are marketed in two different types e frozen tails
or whole stored on ice for several days, resulting in a rigid and
ﬁbrous ﬂesh. Sometimes, tomaintain the fresh quality the lobster is
marketed preferably in raw form in ice (Ogawa, Nunes, Maia,
Nobrega, & Meneses, 1975). However, the seafood industry of
Brazil is well known for its long-standing excellent reputation
worldwide, owing to its outstanding characteristics of quality,55 84 9171 3135 (Mobile);
s).freshness, variety, and taste; and to maintain the quality of seafood
(Gonçalves, 2011, p. 608).
The freshness involves different parameters, but the post mor-
tem time and temperature should be considered, since after death
microbial or enzymatic activities increase with time and affect
considerable their quality (Nunes, Batista, & Cardoso, 2007). For
this reason, methods to evaluate the quality aspects of seafood
(sensorial, microbiological and physico-chemical) are necessary
(Silva, Riggo, Martins, Galv~ao, & Oetterer, 2008) and sensory anal-
ysis plays an important role in quality control and quality assurance
in the ﬁsh sector (Hyldig, Bremner, Martindottir, & Schelvis, 2012).
The Quality Index Method (QIM) is a sensory evaluation method
based upon a scheme originally developed by Tasmanian Food
Research Unit in Australia (Bremner, 1985). It was initially devel-
oped for ﬁsh stored in refrigerated conditions, and today has been
applied, among other products, frozen ﬁsh ﬁllets (Martinsdottir,
Sveinsdottir, Luten, Schelvis-Smit, & Hyldig, 2001, p. 49; Nunes &
Batista, 2004, p. 29). This method can be deﬁned as a standard-
ized and reliable tool for assessing the freshness of seafood, i.e. a
system for measuring the degree and rate of change in important
characteristic product criteria and in the sum total of these changes,
which can be interpreted into equivalent days of storage and
remaining shelf life (Cyprian et al., 2013; Hyldig et al., 2012).
Table 1
Quality Index Method (QIM) scheme for raw whole spiny lobster (Panulirus argus)
stored in ﬂake ice (1 C).
Parameters Characteristics Scores/Demerit
points
Odor Fresh to sea 0,
Neutral 1,
Weak ammonia 2,
Putrid 3,
Adhesion of the
head body
Strongly attached 0,
adherence average 1,
Weak grip 2,
Adhesion of the
exoskeleton
to the ﬂesh
Strongly attached 0,
Adherence average 1,
Weak grip 2,
Meat ﬁrmness Rigid and ﬁrm 0,
Slightly soft 1,
Soft 2,
Meat color Translucent and shiny 0,
White gloss less intense 1,
Opaque and milky 2,
Melanose (black spot)
presence
None 0,
Few (<25%) 1,
Many (>25%) 2,
Viscera liquefaction Whole, with clear liquid 0,
Top of liquefaction 1,
Liqueﬁed 2,
Quality index 0e15
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method for use by researchers (in laboratories, for research pur-
poses), and industries (for more precise inspection and clear de-
cisions about ﬁsh quality) and possibly also in ﬁsh auction markets
(Esteves & Anibal, 2007; Martinsdottir, 2004; Vaz-Pires & Seixas,
2006).
The microbiological control is also an important tool for
measuring the health conditions of seafood, reduces the biological
contamination risk for the consumer's health, and contributes to
achievement the quality products (Vieira, Naumann, Ichikawa, &
Ca^ndido, 2006).
According to Vaz-Pires and Seixas (2006) physical and chemical
indexes are used to evaluate the freshness of seafood, especially the
hydrogen potential (pH) and volatilized nitrogen (TVB-N). The TVB-
N limit set by the Brazilian Ministry of Agriculture, Livestock and
Food Supply is 30 mg N 100 g1 (raw seafood), which is also
considered unﬁt for consumptionwhen outside meat pH 6.8, and
the internal meat pH  6 5 (Brazil, 1981).
Aware of the commercial importance of spiny lobster in Brazil,
the demands on the quality and the higher perishability, this study
aims to evaluate the freshness of spiny lobster (P. argus) stored on
ice up to 18 days, through the sensorial (QIM scheme), microbio-
logical and physico-chemical evaluations.
2. Material and methods
2.1. Storage conditions and sampling
Spiny lobster (P. argus), regardless of sex, with average weight of
182.94 g and length of 167.8 mm were captured by ﬁshermen
directly from natural habitats (Icapuí, CE, Brazil). The capture
occurred in the early morning hours and placed immediately into a
clean insulated box containing ﬂake ice (lobsters were completely
surrounded by ﬂake ice) and transported to Laboratory of Seafood
Technology and Quality Control (LAPESC) and to Laboratory of
Aquatic Animal Health (LASA). Lobsters (n ¼ 153) were placed in an
insulated self-draining box with ﬂake ice in layers (1:1 e lobster:
icee 51 per box) andmaintained in a cold room (5 C). Melted ice of
each box was replaced daily to maintain the proper proportion and
suitable cooling for the lobster storage (0 ± 0.1 C).
2.2. Development of QIM scheme
Data about QIM scheme for lobster did not found in the litera-
ture; thus, in order to design the QIM scheme for spiny lobster kept
in ice, three assessors were selected among the staff of the LAPESC,
and trained according to international standards (ISO 8586, 1993,
pp. 1e10), including detection and recognition of tastes and odors,
use of measurement scales, and in the development and use of
descriptors. Changes that was occurring during the storage of raw
spiny lobster (18 days storage in ﬂake ice) were described day-by-
day according to standardized methodology published by
Martinsdottir et al. (2001, p. 49).
The QIM scheme was tested extensively by the assessors daily
for all samples stored in ﬂake ice for each experiment. The deﬁni-
tion of the time of rejection is a step needed for the QIM devel-
opment. The follow sensory attributes (odor, adhesion of the head
body, adhesion of the exoskeleton to the ﬂesh, meat ﬁrmness, meat
color, presence of melanose (black spot), and viscera liquefaction)
were considered as the more important parameters that affect
selling and consumption (for raw form), and also being recorded in
consensus as important attributes to determine the quality loss of
the lobster. The sensory analysis for the development of QIM for
raw spiny lobster followed a protocol of sensory attributes previ-
ously selected shown in Table 1. All observations of the lobsterswere conducted under standardized conditions following the
general guidance for the design of test room and testing conditions
described in ISO 8589 (2007, pp. 1e16).
The QIM scheme established to assess the quality of raw spiny
lobster kept in ice have seven quality attributes with scores ranging
from 0 to 3 (odor) and 0 to 2 (others attributes), which the sum
ranges from zero (freshness total) to 15 (total loss of freshness). At
each sampling time (48 h), three spiny lobsters were randomly
chosen for sensory, microbiological and physico-chemical analysis.
Photographs of each stage were taken in the same time and should
be used to illustrate quality attributes when introducing the QIM
concept for assessing lobster quality to the ﬁshery industry. All
analysis were performed at baseline (day zero) and at regular in-
tervals of 48 h (each two days) in triplicate.
2.3. Microbiological evaluation
Two samples of lobster meat were used (at each 48 h) for
microbiological analyses for all microbiological analyses (total
mesophilic and psychrotrophic count, Thermo tolerant Coliforms at
45 C, Salmonella sp. and Staphylococcus coagulase positive) were
performed according to the Manual of Brazilian Ofﬁcial Analytical
Methods (Brazil, 2003) with minor modiﬁcations, as described
along this section. Two samples of lobster meat were used for
microbiological analyses. For total mesophilic and psychrophilic
counts, 1 ml of each dilution from the samples was homogenized
with 20 ml of PCA in petri dishes. After the agar hardened, the
dishes were settled inverted in an incubator (37 C) for 48 h for
total mesophilic count, and in a refrigerator (7 C) for seven days
for total psychrotrophic count. From each sample, 25 g of muscle
were removed from the spiny lobster and then homogenized in a
stomacher with 225 ml of peptone water. This solution is
considered the 101 dilution. From this ﬁrst dilution 1 ml is
removed and added to 9 ml of peptone water, making it the 102
dilution, from which another 1 ml is taken to be mixed with the
additional 9 ml of peptone water to make the ﬁnal dilution
(103). For the analysis of coagulase-positive staphylococci, 0.1 ml
aliquots of the three dilutions of each sample were seeded with
the Drigalski handle in duplicate petri dishes of BairdeParker
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48 h at 37 C. Then, typical and atypical colonies were inoculated
into BHI broth and left in an incubator (37 C) for 24 h. Finally,
0.3 ml aliquots were taken from BHI broth and inoculated into
0.3 ml of rabbit plasma. After 6 h at 37 C on the incubator, the
tubes were observed for clots. The presence of Salmonella sp. was
observed after ﬁve steps: 1) pre-enrichment: where the 101
dilution was left in an incubator (37 C) for 20 h; 2) selective
enrichment: made by inoculation of 1 ml of this dilution in
selenite-cysteine and tetrathionate, and 0.1 ml in Rappaport
Vassiliadis broth, the tubes were then taken to the bath at 41 C
for 24 h, 3) isolation: with the platinum loop colonies were taken
from the broths to the EMB and SS agars, and the petri dishes
were incubated inverted (37 C) for 24 h, 4) selection: isolated
colonies of each positive plate were inoculated into tubes con-
taining TSI and LIA and taken into the incubator (37 C) for
another 24 h, 5) biochemical test: positive colonies on TSI and LIA
are transplanted to urea agar tubes and incubated (37 C) for
24 h.
2.4. Physico-chemical evaluation
Nitrogen of total volatile bases (TVB-N), trimethylamine (TMA-
N) and pH analyses were performed in triplicate at each 48 h. To
measure the ﬁrst two, a protocol from LANARA (Brazil, 1981) was
used, with minor modiﬁcations, as described along this section.
Initially, 50 g of muscle from each sample were added to 150 ml of
10% trichloroacetic acid and mashed. Once properly homogenized,
the mixture was ﬁltered to obtain a clear extract. From this liquid,
5 ml were taken and transferred into digester tubes which were
attached to the Tecnal® nitrogen distiller deviceModel TE-0363 and
added with 5 ml of sodium hydroxide (NaOH) 2 M. Distillation was
performed and the distillate was collected in a ﬂask containing 5ml
of 0.01 N hydrochloric acid and three drops of rosolic acid indicator
until the resulting liquid, which was transparent, reached a volume
of 50 ml. Afterwards, the excessive acid was subjected to titration
with 0.01 N NaOH until a pale pink color was achieved. This ﬁrst
titration referred to the amount of TVB in the sample. To calculate
TMA, 5 ml of 16% formaldehyde were added in order for the solu-
tion to become transparent once more and a second titration with
0.01 N NaOHwas performed until the liquid turned pink again. The
TVB-N value was calculated in mg N 100 g1 and obtained through
the following formula:
TVB N ¼ ½14ð150þ AÞ*V*f *N*100
Where:
A eWater content in the sample, expressed in mg 100 g1
V e Volume of acid consumed in the 1st titration, indicated by
the initial volume of acid and the volume of the base consumed
in the titration
f e Correction factor of the 0.01 N hydrochloric acid solution
N e Normality of the hydrochloric acid
P e Sample weight
The TMA-N volume is also calculated in mg N 100 g1 and found
by the same formula, but in this case the “V” will represent the
amount of acid consumed in the second titration. Thewater content
normally found in ﬁsh, including shrimp, is 80%. Therefore, in case a
sample weights 50 g (40 g are of water).
The pH was measured by electrometric process with the digital
pH meter Hayonik® Model FTP905. For such, 10 g of muscle from
the sample were mixed with 40 ml of distilled water at room
temperature.2.5. Statistical analysis
Averages were compared through an Analysis of Variance
(ANOVA) and effects were considered signiﬁcant (by Tukey's test)
when p-value 0.05. The linear equation (QIM scheme), which was
best ﬁt and the correlation coefﬁcient (r) between the QI and the
storage time in ice, were calculated using the software SigmaPlot
for Windows V. 10 (Systat Software, Inc.). The uncertainty of pre-
diction of day on ice from the QI was estimated using partial least-
squares regression (PLS) with full cross validation. Calibration
models were calculated using the average QI of three samples
evaluated per storage day. All regressions were calculated using
XLSTAT Trial Version 2014.2.02 (Addinsoft 1995e2014).
3. Results and discussion
3.1. Sensory evaluation (QIM scheme)
The QIM is useful essentially because it evaluates sensory pa-
rameters and attributes that change most signiﬁcantly in each ﬁsh
species during degradation (Erkan & €Ozden, 2006; Huidobro,
Pastor, & Tejada, 2000). According to Hyldig et al. (2012) the
recent activity has been in the development of QIM schemes suited
to individual species. Furthermore, some of the problems among
earlier schemes are that they do not take into account the differ-
ences among species. To do that, it is necessary to develop one
scheme for each species, and the aim when developing QIM for
various species is, also, to have the QI increase linearly with storage
period of the species expressed in equivalent days in ice. When the
linear correlation between Quality Index (QI) and storage time in
ice is obtained, the total demerit scores may be used to readily
predict the remaining shelf life (Botta, 1995).
During ice storage of spiny lobster, the intensity of the sensory
attributes will change, showing gradual and consistent changes for
all sensory parameters evaluated, reaching a score of 14 demerit
points at 16th day of storage (but did not reach the maximum
value). The QIM scheme developed for spiny lobster stored in ﬂake
ice for 18 days is shown in Fig. 1, and the individual scores of the
QIM parameters during storage in ice are shown in Figs. 2 and 3.
The Quality Index (QI) for spiny lobster increased with storage
time. At the beginning of storage (freshly:
P
scores ¼ 0) and at the
end of 18 days storage (completely deteriorate:
P
scores ¼ 15). The
QI was calculated for each storage day of sampling and showed a
linear relationship with storage time. High correlation (r2 ¼ 0.922)
between the total QI score (sum of all attributes) for each storage
day and days in ﬂake ice was found with the slope of 0.8848
(Fig. 1A) indicating loss of freshness during the days of storage. Its
evolution could be expressed by the equation
QI ¼ 0.8848  days þ 0.6363. PLS model applied to data indicated
that the regression model proposed had a mean square of errors
(MSE) of approximately 2.8 days (2.745) based on average QI scores
of three samples per storage day (Fig. 1B). Both measured and
predicted values were statistically similar. Since the QI is a sum of
nine parameter values, the measurement error may be assumed to
be normally distributed and the prediction can therefore be
considered as t-distributed. The 95% conﬁdence interval (estimated
by MSE  t (df ¼ 39) ¼ 2.745  2.045 ¼ 5.6135) may therefore be
estimated as approximately 5.6 days. It can therefore be assumed
that the QI based on average scores of three samples evaluated per
storage day could predict the storage time with an accuracy of ±2.8
days. This is in accordance with how the QIM scheme is con-
structed, where seafood evaluated shortly after catch should be
scored low and subsequently increase with storage time reaching
close tomaximum score at the end of shelf life (Cyprian et al., 2013;
Martinsdottir et al., 2001, p. 49). These results are similar to studies
Fig. 1. (A) Quality Index (QI) for spiny lobster stored on ﬂake ice. Average (±SD) over each day analyzed (n ¼ 3 per group) against storage days. (B) PLS Regression modeling of the 15
demerit points QIM scheme from spiny lobster stored in ﬂake ice using a full cross validation: measured vs predict values. Average QI for each day based on assessment of 3 lobster
used to predict storage time in days.
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49) and for white shrimp Litopenaeus vannamei (Oliveira, Freitas,
Clemente, & Marsico, 2009). Unfortunately, no data were pub-
lished up to now using lobsters.
These results showed that attributes gradually deteriorated
with time as it is assumed in the Quality Index Method that the
scores for all quality parameters increase with storage time. End of
shelf life is usually determined when spoilage related sensory at-
tributes become evident and most panelists detect them. The
quality rejection of spiny lobster (without additives, i.e. sodium
metabisulﬁte) has reached the limit of acceptability at 10 days of
storage (QI ¼ 9.54), according to the external attributes of sensory
evaluation used. The time of rejection in this study corroborates to
the Martinsdottir et al. (2001, p. 49) study using raw crustacean
Pandalus borealis, and differ with Oliveira et al. (2009) who studied
with raw shrimp L. vannamei (collected directly from the local
seafood industry) and the time of rejection was only in 12 days of
storage (product that possibly treated with sodium metabisulﬁte
after the capture e a common routine in the Northeast seafood
industry). Vieira, Vieira, Rocha, Saker-Sampaio, and Sampaio (1990)
analyzing the raw lobster tail (P. argus) ensured that by the 12th day
of storage in ice, lobsters still acceptable for consumption.
As mentioned earlier, QI showed a gradual increase in sensory
evaluation for all attributes. In the ﬁrst six days, there were no
changes for odor attribute, being characterized as the seaweed
odor. After the ammonia odor becomeweak and intensiﬁed but did
not reach the maximum score (putrid) as observed in Fig. 2. Similar
changes of this attribute were detected in different seafood species
e salmon Salmon solar (Sveinsdottir, Hyldig, Martinsdottir,
Jorgensen, & Kristbergsson, 2003), cuttleﬁsh Sepia ofﬁcinalis,
squid Illex coindetti (Vaz-Pires & Seixas, 2006), and white shrimp
L. vannamei (Oliveira, 2013, p. 102; Oliveira et al., 2009). All of them
reported that after some days of storage the odor changed from
seaweed to more loud/obnoxious, ending with a putrid odor.
The attributes Adhesion of the head body and Adhesion of the
exoskeleton to the ﬂesh (Figs. 2 and 3) e showed similar behaviors
over days of storage. By the 2nd day, the abdomen remained
strongly attached to the head shell with rigid and strongly adhered
to the meat. From the 4th day, a shift of the head to the abdomen
became visible and the muscle began to loosen up the shell,
becoming signiﬁcant from the 12th day, and ended with no resis-
tance from adhesion of the head to the abdomen and the
exoskeleton meat (score 2 pts.). Similar results were found inshrimp L. vannamei (Oliveira, 2013, p. 102; Oliveira et al., 2009) and
lobster Panulirus white (Ogawa et al., 1975).
The attribute meat ﬁrmness (Figs. 2 and 3) was one of the most
determined of freshness losses, because until the 6th day retained
the ability to recover when pressed, i.e. remained rigid and ﬁrm.
After the 8th day, the meat start to loss quality and reach the
highest loss of rigidity and ﬁrmness e score 2 pts., from 14th day.
Similarly, other authors reported that seafood ﬂesh lost rigidity and
strength with each storage day e salmon Salmo solar (Sveinsdottir,
Hyldig, Martinsdottir, Jorgensen, & Kristbergsson, 2002), cuttleﬁsh
S. ofﬁcinalis and squid I. coindetti (Vaz-Pires & Seixas, 2006), white
shrimp L. vannamei (Oliveira, 2013, p. 102; Oliveira et al., 2009).
Suarez-Mahecha, Beir~ao, Francisco, Nakaghi, and Pardo-Carrasco
(2007) also reported that the muscle ﬁrmness is an important
freshness index and its softening indicates the loss of quality meat,
i.e. changes caused by degradation of collagen, the major constit-
uent of connective tissue and intramuscular that has an important
signiﬁcance in the seafood ﬂesh texture.
The meat color attribute changed from translucent, bright to
opaque, and milky after the 6th day, and from the 10th day became
darkened with some black spots e score 2 pts. (Figs. 2 and 3). This
result corroborates with studies conducted by Borges et al. (2007)
where the meat color of white croaker (Micropogonias furnieri)
remained practically unchanged until the 7th day, but from this
day, color changed from white to translucent dark. Barbosa and
Vaz-Pires (2004) working with octopus (Octopus vulgaris),
observed meat discoloration until the 8th day of storage in ice
(0 C), and Sveinsdottir et al. (2002) observed changes in salmon
meat color over the storage days.
The presence of melanosis (blackspot) showed similar changes to
other sensory attributes, starting with few spots located in parts of
the body, and from the 8th day the appearance of blackspot
became evident and from the 14th day the melanose reached the
maximum score (Figs. 2 and 3). Sveinsdottir et al. (2002) also
observed darkening of color in both animals and of eggs in shrimp
(Pandalus borealis) after some days of storage. Results differ from
those found by Ogawa, Vieira, Bastos, Noronha, and Alves (1970)
who observed a few small spots on lobster tails stored in ice
treated with sodium metabisulﬁte, conﬁrming the inhibitory ac-
tion of this additive in the appearance of melanosis. Oetterer
(1994) afﬁrm that the mechanism, which determines the viscera
melting, is the role of the gut enzymes, which are responsible for
tissue autolysis.
Fig. 2. Average score (±SD) for individual quality descriptors/attributes (Odor e Adhesion of the head body e Adhesion of the exoskeleton to the ﬂesh e Viscera liquefaction e Mear ﬁrmness e Meat color e Melanosis presence)
evaluated with QIM scheme for spiny lobster stored on ﬂake ice (n ¼ 3 per group) over each day analyzed against storage days.
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Fig. 3. Each quality attribute (Adhesion of the exoskeleton to the ﬂesh and Meat ﬁrmness; Adhesion of the head body; Meat color; Melanose (black spot) presence; Viscera
liquefaction) evaluated with QIM scheme for spiny lobster stored on ﬂake ice over each day analyzed against storage days (1st and 18th day, respectively).
A.A. Gonçalves et al. / Food Control 47 (2015) 237e245242The attribute viscera appearance showed loss of uniform quality
for all samples. Until the 2nd day changes in appearance was not
observed (clear and viscous), at the 6th day the viscosity decreased,
but remained clear and odorless; after the 10th day loss of quality
was observed because the viscera became liqueﬁed, dark and
eluted with weak ammonia smell e score 2 pts. (Figs. 2 and 3).Fig. 4. Total mesophilic and psychrotrophic counts (log CFU g1) in spiny lobster meat
stored on ice for 18 days. Microbiological limit was set at 5 CFU g1 according to in-
ternational legislation (Average scores, N ¼ 2).3.2. Microbiological evaluation
Conditions of good practices during lobster manipulation was
adopted, insulated boxes was cleaned, good ice quality used and
animals slightly manipulated, which resulted in bacteriological
values within the international microbiological standards (ICMSF,
1996). Salmonella and Staphylococcus aureus were not detected in
all samples analyzed during the storage period. However, the
average number of thermo tolerant coliforms at 45 C remained
<0.3  10 MPN g1 during the storage period. Vieira, Vieira, Rocha,
Saker-Sampaio, and Sampaio (1986) veriﬁed the absence of Sal-
monella and S. aureus in lobster (Pacifastacus spp.) stored in ice and
frozen lobster (P. argus) respectively. Different of the present study,
Machado, Feitosa, and Vasconscellos (1989) investigated the inci-
dence of coliform bacteria in frozen lobster tails and found 0.34% of
samples with values above the Brazilian's law (Brazil, 2001).
Vieira et al. (1986) found values of 1010 CFU g1 (mesophilic
microorganisms) in chilled lobster, although considered outside the
limits recommended by the International Commission on Micro-
biological Speciﬁcations for Foods (ICMSF, 1996) were consideredacceptable for consumption. The microbiological results for total
mesophilic and psychrotrophic count in raw spiny lobster stored on
ice (0 C) for 18 days are shown in Fig. 4. The results show a
decrease of mesophilic bacterial count in the 2nd day (probably due
A.A. Gonçalves et al. / Food Control 47 (2015) 237e245 243to initial chilling) and the recovery of bacterial ﬂora, remaining
stable until the end of storage on ice. The psychrotrophic count
showed an increase trend during the initial period of storage
reaching the limit of 5 log CFU g1 after 10th day. The low total
counts reported at the beginning of storage time were due to the
ﬂesh of newly caught ﬁsh being sterile, since the immune system of
the ﬁsh prevents the bacteria from growing (Cyprian, Sveinsdottir,
Magnússon, & Martinsdottir, 2008). However, when the seafood
dies, the immune system collapses, and consequently during stor-
age, bacteria invade the ﬂesh (Sveinsdottir et al., 2002). At the end
of shelf life estimated to be about 10 days the bacterial count reach
values near to log 5 CFU g1 and remain increase up to the 18th day
of storage.
3.3. Physico-chemical evaluation
The pH values (Fig. 5) varied between 6.91 (1st day) to 7.03 (18th
day), that can be explained by biochemical changes due to the ac-
tion of tissue enzymes and microorganisms promoting the eleva-
tion of pH. Similar results were found by Silva (2009, p. 31) for
lobster (P. argus), and Moura, Mayer, Landgraf, and Tenuta Filho
(2003) for pink shrimp (Penaeus brasiliensis and Penaeus pau-
lensis). Kirschnik and Viegas (2004) had pH values ranging from
6.62 to 7.44 forMacrobrachium rosenbergii stored on ice for 10 days.
Reilly, Bernarte, and Dangla (1985) had a pH (7.1e8.1) for Penaeus
monodon stored on ice for 17 days and attributed the increase to the
high levels of volatile nitrogen compounds produced by tissue and
microbial enzymes, as well as Shamshad, Kher-Un-Nisa, Riaz,
Zuberi, and Qadri (1990), who obtained initial pH values of 7.05
rising to 8.25 after 16 days of storage on ice, higher values than
those obtained in the present study, and they found that at pH
greater than 7.6, the prawns Penaeus merguiensis were classiﬁed as
unacceptable or putrid.
In this study, the pH was above of the permitted pH by the
Brazilian law (Brazil, 1997) which establish pH values for seafood
meat suitable for consumption ranging from 5.8 to 6.4. However,
Ogawa et al. (1970) considered lobster tails good for consumption
at pH 7.0 and Ogawa et al. (1975) observed that pH of frozen tail
lobsters did not demonstrating a great variation, showing
maximum values of 6.9 during one month of storage. Vieira et al.
(1990) observed increasing trend of pH (6.4e7.6) for P. argus dur-
ing the storage period.
Along to TVB-N values, TMA-N is most useful indices for
spoilage in fresh seafood (Dalgaard, 1993; Sallam, 2007), and inFig. 5. pH, total volatile basic nitrogen (TVB-N) and trimethylamine nitrogeneral, they are considered unreliable for the measurement of
spoilage during the ﬁrst 10 days of chilled storage of several ﬁsh
species (Huss, 1995, p. 195; Olafsdottir et al., 1997). The determi-
nation of these compounds at the time of sensory rejection appears
to be adequate to evaluate the spoilage level of ﬁsh. In the present
work, signiﬁcant formation of these volatile compounds was not
observed. Changes in TVB-N for all samples are given in mg 100 g1
sample (Fig. 5). This TVB-N analysis is often used as an index in
assessing the shelf life and storage quality of seafood products
(Botta, Lauder,& Jewer, 1984). The spoilage pattern of fresh seafood
generally shows an increase in TVB-N concentration, which closely
parallels the bacterial population (Mitsubayashi et al., 2004;
Siripatrawan, Sanguandeekul, & Narakaew, 2009).
TVB-N values showed an increasing trend for all samples
throughout the entire storage period (5.23 e 1st day), with higher
values (20.31 mg N 100 g1 on 18th day of storage), but all values
were within the limit set by Brazilian's law (Brazil, 1981) which is
30 mg N 100 g1; and is agree with results found by Vieira et al.
(1990) after the ﬁrst week of storage values tended to increase.
TVB-N values vary according to the methodology used, the seafood
species and the deterioration stage. This can be seen in Moura et al.
(2003) experiments, which showed TVB-N values between 27.6 and
73.0 mg N 100 g1, much higher than recommended for freshness
and consumption values. Cheuk et al. (1979) studying the pink
shrimp (Penaeus duorarum) and brown shrimp (Penaeus aztecus)
observed that the onset of deterioration coincided with the values
of TVB-N reaching the limit of 30 mg N 100 g1, which occurred,
respectively, 16 and 19 days of storage in ice. Angel, Basker, Kanner,
and Juven (1981) studying the Giant Malaysian Prawn
(M. rosembergii) cooled on ice, detected slow increases on TVB-N,
exceeding the value of 30 mg N 100 g1 on 14 days of storage.
Basavakumar, Bhaskar, Ramesh, and Reddy (1998), in experiments
with tiger shrimp (P. monodon), observed signs of deterioration at
11 days on ice (32.2 mg N 100 g1). Kirschnik and Viegas (2004),
studying with M. rosembergii stored on ice for 10 days, found,
respectively, initial and ﬁnal values of TVB-N 18.65 to 26.00 and
from 10.23 to 27.10 mg N 100 g1.
Considering the species studied by the cited authors were
different from that used in this study, it was not possible to draw a
comparison among them. However, in all reports, there was an
increase of TVB-N with storage time. It has been suggested that the
TVB-N value is affected by species, season, harvesting area, age and
sex of ﬁsh.gen (TMA-N) values in spiny lobster meat stored on ice for 18 days.
A.A. Gonçalves et al. / Food Control 47 (2015) 237e245244According to Mitsubayashi et al. (2004) and Siripatrawan et al.
(2009) TMA-N is produced by decomposition of trimethylamine
N-oxide (TMAO) by microorganisms. Volatile compounds such as
ammonia, dimethylamine (DMA) and TMA are products of micro-
bial degradation and are collectively regarded as TVB-N. Although
TVB-N values in all samples increased throughout the storage
period, the TMA-N increased in small proportion, probably due to
the fact that lobster has very low values of TMAO. The TMA-N
values (Fig. 5) ranged from 1.07 (1st day) to 5.72 mg N 100 g1
(18th day). Possible further also work can be focused in other
commercially relevant crustacean species and/or other commercial
spiny lobster-based products. As mentioned by Barbosa and Vaz-
Pires (2004), QIM is a method that implies the transformation of
scientiﬁc knowledge of the products in a consumer friendly solu-
tion that can be used by the seafood retailer and the consumer in
common, which is both rare and desirable.
4. Conclusions
Previously unavailable QIM scheme for spiny lobster (P. argus)
was obtained within this study, and is a reliable tool with which to
assess the freshness of this crustacean when stored in ice.
The Quality Index Method showed high linear correlation be-
tween QI and storage time on ice (QI ¼ 0.885  days in ice þ 0.636;
r2¼ 0.922), making it possible to predict when the lobstermeat had
to be fresh and acceptable for consumption.
It is suggested that spiny lobster has to be fresh by cooling up to
10 days, based on microbiological counts, TVB-N, TMA-N and sen-
sory evaluations.
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